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Abstract   
Micropropagation is a useful biotechnology technique for the generation of 
a large number of clonal plants of many economically important species in 
a short period. An effective protocol was developed for in vitro micropropa-
gation of Solanum lycopersicum L. (tomato) using chemical-free organic ver-
micompost extract medium. This experiment aims to expose the advance-
ment in plant tissue culture technique by using synthetic Murashige and 
Skoog (MS) medium and chemical-free organic vermicompost (30%) extract 
along with 4% coelomic fluid (obtained from the earthworms Eudrilus eu-
geniae) as a growth medium for in vitro studies. The response of roots, 
leaves, shoots, and nodes in both synthetic MS medium and chemical-free 
organic vermicompost extract medium was compared. Statistically signifi-
cant differences for the number of roots (P =0.011), leaves (P=0.012), and 
nodes (P= 0.001) between the two media were reported. Both media 
showed the same shoot induction where no significant differences (P > 0.05) 
were found. A 100% plant survival rate on the chemical-free organic ver-
micompost extract medium was registered. A  difference between the 
growth rate of the two different media was detected. The antimicrobial ac-
tivity of vermicompost and coelomic fluid minimized the contamination 
level and subculturing. This study revealed that chemical-free organic ver-
micompost extract media is more economical and constitutes a better pro-
spect than the MS medium for in vitro propagation of tomato.   
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Introduction   
Solanum lycopersicum L. (tomato) is a perennial crop that belongs to the 
Solanaceae family and is marked as a significant fruit that stands second in 
consumption because of its higher nutritive values (1). It is native to South 
America and is primarily distributed in temperate regions (2).  Tomato is 
considered a major dietary source as it contains fiber, essential vitamins like 
A and C, antioxidants in substantial amounts and is also found to be free of 
cholesterol (3). Lycopene is a powerful antioxidant that is present in toma-
toes and has been validated for its beneficial effects on various types of can-
cers (4), cardiovascular diseases and osteoporosis (5). Due to the commer-
cial value of the crop and the fact that tomato is widely grown in developed 
regions, in vitro regeneration of tomatoes has been a subject of interest. 
Since tomatoes are used in canned, frozen, and preserved foods, they are 
considered to be economically important and hence have been chosen for 
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our in vitro propagation study (6). Micropropagation is a 
widely used plant biotechnology technique that allows the 
production of a large number of clonal plants that are dis-
ease and pathogen-free. It is also a technical link in the 
generation of transgenic plants and otherwise somatically 
bred plants (7). Cultivation of Arka Vikas tomato variety is 
preferred to India because of its special adaptation and 
characteristic features like higher yields and direct regen-
eration with growth hormones (8). Several researchers (9, 
10) reported earlier callus induction and micropropagation 
of cultivated tomato. Multiple shoots were induced using 
explants viz cotyledons, hypocotyl and leaf segments and 
plant media supplemented with BAP, Kinetin, TDZ and 
Zeatin alone and in combinations with IAA (11, 12) and the 
outcomes of direct regeneration on using hormones have 
been investigated (13). Auxin hormones like IAA are in-
volved in cell elongation and cytokinins such as Kinetin 
and BAP promote cell division and help in stem elonga-
tion, contributing for plant growth and development (14). 
The success in tomato regeneration response depends on 
the genotype, explant type and growth hormones used in 
the culture medium (15). The conventional method of veg-
etative propagation has been a time-consuming and ener-
gy-expensive process. Hence, the present study on micro-
propagation of tomato using organic plant tissue culture 
medium serves as an easier and environmentally friendly 
method for germplasm conservation. Research has been 
carried out to examine the effect of earthworm castings on 
plant growth (16, 17). Vermicompost media has been used 
in the present study as it is found to be rich in macronutri-
ents, micronutrients, vitamins, enzymes like chitinase etc., 
that disintegrate matter even after ejection by earthworms 
and they also contain hormones (18). Coelomic fluid, also 
known as vermiwash, was added to the vermicompost 
media as it helps in increased plant growth and also helps 
reduce contamination in the tissue culture bottles because 
of its antimicrobial property (19). The objective of the cur-
rent study is to develop an economical, chemical-free and 
organic vermicompost extract medium along with coelom-
ic fluid for in vitro micropropagation of S. lycopersicum 
suitable for large-scale manufacturing of tomato in the 
future. 
 
Materials and Methods   
Plant material and Preparation of media  
Plant material used- Arka Vikas tomato cultivars were pur-
chased from the local market in Bengaluru and the seeds 
were separated and used as the explant. 
 MS medium was purchased from Sigma chemicals, 
was used as the synthetic control medium. Eudrilus eugi-
nae (earthworm), and vermicompost were procured from 
Vermibin at PES University, Bengaluru.  
 Two media culture were used for culturing seed 
explants of S. lycopersicum. Murashige and Skoog (MS) 
medium (27) (Sigma Chemicals), pH 5.6-5.8, supplemented 
with 30% sucrose and 0.000003 kg/L BAP and solidified 
with 0.009 kg/L plant grade agar was used as control. 
 Plant, vegetable organic waste mix and cow dung 
slurry were used as the raw materials for the production of 
vermicompost by the earthworms- Eudrilus eugeniae. Ver-
micompost (30%) obtained was suspended in sterile dis-
tilled water and was agitated for 8 hrs. The aqueous ex-
tract (filtrate) obtained after 24 hrs was used for media 
preparation. pH was adjusted to 5.8 and supplemented 
with 0.009 kg/L agar (25). Additionally, coelomic fluid was 
extracted from earthworms- Eudrilus eugeniae, using a 
chemical method (5% chilled ethanol and 2.5 mg/ml of 
EDTA). Thick straw-colored coelomic fluid obtained was 
filter sterilized and was used as a supplement in the sterile 
vermicompost extract media. 
 Control MS medium and organic vermicompost ex-
tract medium were sterilized at 15 PSI and 121 ºC. After 
sterilization, MS media bottles were supplemented with     
3 mg/L BAP and organic vermicompost media bottles were 
supplemented with filter-sterilized 4% coelomic fluid. 
 Seeds of S. lycopersicum were separated from toma-
toes that were obtained from the local market and were 
used as the explant. The seeds were treated with 2% 
Tween 20 for 5 min, 5% Sodium hypochlorite solution for 
10 min finally with 70% ethanol for 2 min under aseptic 
conditions. Seeds were then washed thoroughly several 
times with sterile distilled water. Sterile tomato seeds 
were inoculated under aseptic conditions on both the MS 
media and vermicompost media bottle jars. Culture bot-
tles were incubated for 16 hrs of fluorescent white light 
(day) photoperiod and 8 hrs of darkness at a temperature 
of 25 ºC. 
Data Analysis   
Three biological replicates, with three seed explants each 
were analyzed for the growth response of roots, leaves, 
shoots and nodes in both MS medium and chemical-free 
vermicompost extract medium. The mean values were 
compared statistically by the Student’s t-test using Sig-
maStat 4.0 software.    
  
Results and Discussion   
An economically effective protocol was developed for tis-
sue culture studies on tomatoes, which could also be uti-
lized for the large-scale micropropagation of tomatoes. 
The seeds of S. lycopersicum cultured on MS medium sup-
plemented with 0.000003 kg/L BAP resulted in callus for-
mation. BAP is one of the most frequently used cytokinin 
as it is more stable, cheaper, easily obtained than other 
growth hormones and promotes other hormonal synthe-
ses essential for plant growth (20). Tomato seed explants 
on chemical-free organic vermicompost extract media 
supplemented with 0.0002 kg/L coelomic fluid resulted in 
regeneration directly from the seed explants- tiny shoots 
germinated on the third day of inoculation. 100% germina-
tion was observed in both MS and vermicompost media 
after 3 days. Researchers have reported 0.000003 kg/L BAP 
as an optimal concentration of growth hormones for toma-
to regeneration and maximum multiplication of shoots 
(21, 22). Adventitious shoot buds were observed growing 
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from the explant of S. lycopersicum on MS basal medium 
supplemented with 0.000003 kg/L BAP alone. It was found 
that the combination of BAP with MS basal medium result-
ed in shoot and root initiation. The results have shown that 
growth in vermicompost medium has been significantly 
higher and faster as when compared with MS basal medi-
um. Vermicompost was evaluated with different methods 
of extraction and this was used as a source of nutrients for 
tissue culture media for micropropagation of S. lycopersi-
cum. Vermicompost media showed significantly higher 
growth rates of roots, nodes and leaves over MS media. 
This indicated the presence of certain biomolecules present 
in vermicompost  that aid in the higher shoot and root in-
duction, significantly leading to nodes and leaves for-
mation from tomato seeds. Vermicompost contains certain 
growth promoters such as auxins, gibberellins and cytokin-
ins that help in the initiation and promotion of the growth 
of shoots and roots (23). Vermicompost is rich in vitamins, 
minerals, enzymes and antibiotics providing a good bal-
ance in nutrients helping better growth rate and survival of 
the micropropagated plantlets for longer without requiring 
frequent subculturing as when compared to MS media. Ver-
micompost media has been shown to produce humic acid 
and fulvic acid which are known to have hormone-like ac-
tivities and other bioactive compounds which help in better 
uptake of nutrients (24). Additionally, reduced rate of con-
tamination was found in the vermicompost medium com-
pared to MS medium due to the presence of coelomic fluid 
which has antimicrobial activity (25). The response of roots, 
leaves, shoots and nodes in both MS medium and chemical-
free vermicompost extract medium was compared statisti-
cally using Student’s t-test. There were statistically signifi-
cant differences between the mean values of growth rate of 
roots (P = 0.011) (Fig. 1), leaves (P = 0.012) (Fig. 2) and nodes 
(P <0.001) (Fig. 3) between the MS and vermicompost me-
dia. No statistically significant differences were seen be-
tween the two media for shoot induction (P > 0.05) (Fig. 4). 
On the third day, we observed a 0.3 cm and 0.5 cm growth 
in MS and vermicompost media respectively. At end of the 
first week, we observed a 4 fold and 5 fold rise in shoot 
length in MS and vermicompost media respectively. After 
three weeks we found that the growth rates of tomatoes 
were 0.54 cm per day and 2.15 cm per day in MS and ver-
micompost media respectively (Fig. 5). Results recorded 
showed a difference in the growth rate of S. lycopersi-
cum where we observed a faster growth rate with minimal 
contamination in vermicompost media compared to MS 
media (Figs. 6 and 7). Subsequent subculturing to reduce 
the contamination and to promote faster growth is not a 
necessary protocol when chemical-free vermicompost ex-
Fig. 1. Results of Student’s T-test for the number of roots seen on the plant-
lets grown in vitro on MS media and vermicompost extract media (**, P < 
0.05; **** P<=0.005; NS, not significant) 
Fig. 2. Results of Student’s T-test for the number of leaves seen on the plant-
lets grown in vitro on MS media and vermicompost extract media (**, P < 0.05; 
**** P<=0.005; NS, not significant). 
Fig. 3. Results of Student’s T-test for the number of nodes seen on the plant-
lets grown in vitro on MS media and vermicompost extract media (**, P < 0.05; 
**** P<=0.005; NS, not significant).  
Fig. 4. Results of Student’s T-test for the number of shoots seen on the plant-
lets grown in vitro on MS media and vermicompost extract media (**, P < 0.05; 
**** P<=0.005; NS, not significant).  
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tract media was used. However, timely subculturing is a 
compulsory protocol to be followed when MS medium was 
used for maintaining the cultures and the plantlets grown 
in MS medium were further subcultured for 5 days. Tissue 
cultured plantlets were primarily hardened using cocapeat 
and vermicompost in a 1:1 ratio at room temperature (25 
ºC) and 72% humidity (Fig. 8).  
 For successful micropropagation, plant media com-
ponents and growth stimulators at required concentrations 
play a more significant role among other in vitro factors 
(26). Most of the researchers have relied on using a com-
mercially available-expensive synthetic medium that uses 
various chemicals for the growth and maintenance of the 
explants for their micropropagation studies. On the contra-
ry, our inexpensive protocol uses chemical-free organic 
components for micropropagation studies, which has led to 
100% plant survival  
 
Conclusion   
Our research exposed the benefits of utilizing vermicom-
post media over MS media.  Vermicompost has shown a 
tremendous positive effect on the growth and development 
of horticultural plants in field experiments. Using ver-
micompost in in vitro studies has helped to reduce the us-
age of chemicals and thereby decrease the detrimental 
consequences on the environment. Research has shown 
that humic and fulvic acids present in the vermicompost 
exhibit growth-promoting like activities that led to a faster 
growth rate. Additionally, repeated subculturing and con-
tamination was minimized by using organic media. Future 
directions from this study will include the use of different 
concentrations and combinations of growth hormones 
along with different explants. Our study was done on a 
small scale and since vermicompost media is more eco-
nomical, the same methodology can be applied for the 
large-scale production of tomato. Hence, chemical-free 
organic plant growth media using vermicompost extracts 
along with earthworm coelomic fluid can be an alternative 
to synthetic media for callus induction and micropropaga-
tion of economically important plants. 
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